• conduct an experiment testing how water flows through three different materials; • describe how soil/substrate material type affects water flow; • speculate about how the risk of pathogen exposure from sewage application to soil may change based on soil/substrate type; • calculate simple flow rates; and • identify additional variables that may affect the risk of pathogen exposure from sewage application to land areas. 2. Thoroughly review the entire lesson before conducting this activity. The "Assessing the Lesson" section can help you identify any additional guidance your students will need to help them succeed (e.g., your expectations for descriptive observations).
Class
3. Obtain the materials needed to conduct the experiment. If you do not have stands and clamps to hold the pipe soil columns, you will need to purchase a rigid material (such as galvanized hardware cloth) to place over the opening of the catch container. The soil column can sit on top of the galvanized hardware cloth and be either held in place by a student or wired into place on the galvanized hardware cloth.
4. Decide which questions on the Student Instructions the students will complete independently or as a group.
5. Make copies of the Student Instructions and Group Data Sheet.
6. Make an overhead transparency of the Class Data Sheet or make enough copies that the class has access to the data. 7. Pre-cut the galvanized hardware cloth to save time and prevent students from injuring themselves. The weed barrier cloth also should be pre-cut. The galvanized hardware cloth pieces and weed barrier pieces can be reused among classes.
MATERIALS per student
• 1 copy of "Getting a Handle on Biosolids: New Model Estimates Microbial Exposure Risk," preferably in color • 1 copy of the Student Instructions per group of 3-5 students
• 1 copy of the Group Data Sheet • 3 aluminum fence sleeve pipe sections (PVC pipe also works); each section should be 1 3/8" in diameter × 6" long • 3 3" × 3" pieces of weed barrier cloth (large enough to cover the bottom of the pipe and be held in place by a rubber band. Small amounts are sold prepackaged, such as 35"-diameter rings designed to fit around the base of a tree.) • 3 rubber bands • markers • labels • 50 mL rocks/gravel (preferably "pearl stone" landscaping gravel or fish tank gravel) • 50 mL sand • 50 mL soil (you can use soil from the schoolyard if the soil is finer than sand and does not contain a lot of rock or gravel; do NOT use potting soil because it is designed for rapid drainage) • 3 baggies or small containers to hold 50 mL each of rocks/gravel, sand, and soil • 1 300-to 500-mL measuring cup or beaker (ideally no more than 1 liter in size) • 200 mL water • 1 container that can catch at least 300 mL of water (disposable plastic food containers work well) • 1 stand and clamp to hold the pipes OR 1 square of galvanized hardware cloth 1/4" mesh cut large enough to sit on top of the catch containers (students can hold the pipe soil column in place on top of the galvanized hardware cloth or use wire to hold the pipe soil column in place) • 1 stopwatch or timer Cost estimate (assuming 6 groups per class, 5 classes, with supplies reused where appropriate; all supplies can be purchased at a local hardware store with a garden center)
• 
BACKGROUND INFORMATION
Treated biosolids, or sewage sludge, are applied to land as a fertilizer. The advantage of reusing biosolids lies in recycling a common waste product that would otherwise be incinerated or placed in a landfill. The concern about land application of biosolids is that these wastes can contain human pathogens as well as numerous toxic chemicals and pharmaceutical products.
EHP S c i e n c e E d u c a t i o n P r o g r a m | e h p o n l i n e . o r g / s c i e n c e -e d the more accurate the forecast. In the case of applying biosolids to land, numerous factors (or variables) should be considered. The model referred to in this lesson considers the following elements (Eisenberg et al. 2008) :
Virus concentration in raw sludge: Rotavirus, a common pathogen found in sewage sludge, was used as the "model" organism.
Four different biosolid treatment processes: The study authors looked at "one or two digesters, with or without lime treatment," which estimates the attenuation of bacteria from each process.
Size of the biosolids pile is 1,000 kg: This is the amount of biosolids after treatment and before application.
Frequency of biosolid application: Application is assumed to be 2 times per year for 3 days per application.
Exposure pathways: The authors considered two categories of exposure pathways: a) workers and children living near treated fields receive direct ingestional exposure to biosolids during application to fields, and b) people living near treated fields are exposed by drinking contaminated groundwater. Other residential estimates include inhalation exposure if the wind blows and carries the waste. Direct ingestion carries one of the highest risks; risk from groundwater exposure varies depending on the type of soil/substrate and the depth of the well, but can also have a very high risk because of the potential for microbes to accumulate. (This lesson focuses on the groundwater exposure pathway part of the model, and additional information is provided below about potential groundwater exposure.)
Risk characterization: With risk characterization, we can calculate the risk of getting sick depending on the type of pathogen (in this case, rotavirus) and the dose of the pathogen. Lesson 2 for September 2008, "Will I Get Sick? Modeling Microbe Exposure with Math," focuses on the risk characterization part of the model and the mathematics used to calculate risk.
This lesson focuses specifically on the contaminated groundwater exposure pathway via ingestion. Whenever it rains or water is applied to land, the water either runs off rapidly ("runoff") to the lowest point in the area, often a river, or is absorbed into the ground. In the case of fields where biosolids have been applied, whatever is present in those biosolids-for instance, pathogens, nitrates, or other chemicals-can be carried with the water. The ground can act as a filtering system as the water travels through it, depending on the type of soil or substrate, the depth of the water table, and the behavior or characteristics of the chemicals or pathogens in the water. Shallow wells and substrate conditions that allow rapid transport of contaminated water to groundwater pose the highest risk of exposure to contaminants from runoff. Bedrock (which can have large cracks in it) and sand both allow water to pass through quickly and often have minimal physical or chemical filtering effects; thus, the contaminant can reach a well and, depending on the rate of water flow beneath the ground, the contaminant can accumulate. The finer the soil, the slower the water flow, and the more opportunity for physical and chemical filtering. Slowing down the migration of a contaminant to groundwater can also have the benefit of time, as more pathogens may die or biodegradable toxic chemicals may break down to less toxic forms. Have the students read "Getting a Handle on Biosolids: New Model Estimates Microbial Exposure Risk." Discuss the vocabulary and content as needed to help students understand the main idea of the research discussed in the article.
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2. Tell students they will be conducting an experiment to test the flow of water through small soil columns made out of pipe and filled with three different substrate materials (rocks/gravel, sand, and soil).
3. Ask students how this experiment relates to the microbial exposure risk model described in the article. Soil type is one potential factor that may influence whether a person becomes exposed to a pathogen (a disease-causing microbe) through drinking water that is obtained from beneath the ground (groundwater).
4. Prompt students to think about other factors that may affect microbial exposure risk. Encourage them to write down any thoughts or ideas because they will be asked to share some of those ideas later.
5. Break the class into groups of 3-5 students and have them complete Steps 2-6 of the Student Instructions, recording their data on their Group Data Sheet. Tell students which steps they need to do as a group and which should be completed independently (e.g., in Steps 3 and 4 students describe the soil/substrate materials and write their hypotheses, which can be done individually or as a group). As needed, orient your students to the concept of a hypothesis and ways to calculate an average. Advanced students should also calculate a standard deviation.
6. After students enter their data on the Class Data Sheet, discuss the results to orient the students on how to analyze the data. Tell students whether they should complete Steps 7-9 individually or as a group.
Students are asked to calculate both the group and class average of the repeated trials for each of the soil/substrates. This is an excellent opportunity for a short side lesson in comparing averages and looking at how averages (and, for more advanced or college level students, their associated standard deviations) change as sample size increases. Unless there is small variability in the trials, the average of a small number of trials may look different from the average of a large number of trials. The more trials, or samples, the more the average represents "reality." 7. Discuss Steps 7-9 as needed to clarify points or advance student understanding. The "Assessing the Lesson" section provides important talking points.
NOTES & HELPFUL HINTS
• Make sure students collect and record their data in the proper units (time in seconds, water in milliliters) so the class data can be averaged.
• This activity can be done as a demonstration if time and supplies are limited. However, the materials can be obtained easily from a local hardware store, and students will benefit the most from conducting the full experiment themselves.
• Time can be saved in class if some materials are already pre-cut or prepared ahead of time.
• The amounts of soil/substrate materials suggested in the Materials list are based upon using pipe that is 1 3/8" in diameter × 6" long. You may need to adjust the amounts of material if you use a different size pipe for the soil columns. There should be several inches of material in the pipe and equal amounts of the different materials in each pipe.
• The water should flow through the rocks/gravel quickly and through the sand almost as quickly. The students may be surprised by how quickly the water flows through and may need to do a trial run with the rocks/gravel to get the hang of simultaneously starting the timer while pouring the water and then stopping the timer quickly to correspond with the exit of all the water. Conversely, the flow of water through the soil may be quite slow. If that is the case, students should calculate a flow rate per 60 seconds. There is the potential that little to no water will flow through in 60 seconds. If that is the case, have students recheck their soil columns at given intervals.
Assessing the Lesson (steps not requiring teacher feedback are not listed below; see Student Instructions for complete step-by-step instructions)
Step 3 Thoroughly describe each soil/substrate material (e.g., texture, grain size, what it feels like dry and/or wet, color).
Students should accurately describe the materials they use. The goal is to help them refine their observational and descriptive skills. Students could use descriptions and measurements, such as "the rocks are gray and have a diameter of approximately # centimeters," or, where appropriate, they can use relative descriptions, such as "the sand is tan and typical of what is found in sandboxes. The individual grains are visible, and their size falls between the rocks and the soil." If the sand grains are large enough, students could use calipers to measure the diameter of the grain. Students can also touch the material when it is wet and dry and provide additional description. A finer grained soil, like silt, will feel soft or silky when dry and slippery or slimy when wet. A description of "we had rocks" is insufficient.
Step 4 Write a hypothesis (or multiple hypotheses) about which soil/substrate material you think will allow water to pass through a) the fastest and b) the slowest. Write a hypothesis (or multiple hypotheses) about which soil/substrate material you think will allow c) the most and d) the least amount of water to pass through.
The students' hypotheses should be very simple and relate to the experiment. Check to make sure the students wrote a hypothesis for fastest and slowest flow, and for most and least water. Sometimes hypotheses offer a potential reason or explanation, such as "I think the water will pass through the rocks the fastest because there is more space between the rocks." This is good forward thinking by the student, but a hypothesis needs to be testable. In this experiment, we will not be measuring the distance between particles/rocks (called pore size), just how the water behaves in the different materials. Students should not lose points for this, nor for having a very simple hypothesis. The hypotheses need to make sense and address all materials.
Step 5 Assemble the soil columns, test the flow rate of the different materials, and record the data on the Group Data Sheet.
Make sure all the data for all three trials are present, make sense relative to the rest of the class data, and are expressed in the correct units.
Step 6 Students should record their data from all three trials on the Class Data Sheet, then calculate the average of the class data.
Step 7 a. Summarize the results of the experiment by answering the following questions:
• Through which material did water flow the fastest? The slowest?
The rocks/gravel should have the fastest water flow, sand next (although the flow rates of rocks/gravel and sand may be very similar), and soil the slowest.
• Through which material did the most water flow? The least?
The largest amount of premeasured water should have flowed through the rocks/gravel, the least through the soil. The flow rate of sand may be similar to that of rocks/gravel.
b. Do the data support or not support your hypotheses? Use the combined class results to develop your response.
Students should restate their hypotheses and provide an evidence-based explanation of why the data did or did not support their hypotheses. It is alright if the data did not support their hypotheses (or supported one and not the other). The most important element of this question is that each of the hypotheses is discussed with logical explanations and sufficient data.
c. List one primary variable in your experiment that affected water flow.
The variable that affected water flow was the type of material/the grain size of the material. Soil saturation can also significantly affect water flow, particularly in large areas as in "real-life" scenarios. The extent of the effects of saturation depends on the type of soil. For example, water flow generally increases when soils with large pore sizes, such as sand, are already filled with water. Soils with a large clay fraction (with small pore size) may have decreased water flow as saturation occurs. These differences are probably not noticeable with this activity.
d. Using the class averages, calculate the flow rate for each material (amount of water in milliliters/amount of time in seconds). Show your work and write your final response below.
Students should show their work, reduce fractions to the lowest common denominator, and/or write their answer in decimals; all units must be present.
Step 8 a. Based on your data and observations, and the information that the bacteria die within 1 minute of exposure to air or the soil/substrate, draw a diagram or model showing the following:
• the possible path of the bacteria for each material, and possible changes in the amounts of the bacteria;
This can be a less-than/more-than type of simple description; just make sure it is logical and accurate.
• the flow rate (calculated in Step 7d) for each material in your diagram; and
Students should list the calculated flow rate.
• an arrow and label indicating which soil/substrate material is most likely to have the most living bacteria come out of the other end of the pipe soil column.
Make sure students' selections are logical and based upon the data.
b. Imagine that biosolids containing pathogens were applied to some nearby land, and it rained soon after the application. In which situation would a person be most at risk: someone with a nearby well beneath rocky substrate; someone with a nearby well beneath sandy soil; or someone with a nearby well beneath a fine-grained soil? Explain your answer.
The riskiest scenario would be a well beneath the rocky substrate because if it rains or water is applied to the area with the biosolids, the water could pick up the bacteria and quickly flow into the water pumped up into the well. Depending on how quickly the water flowed through the sand, the students could argue the risk for sand may be similar to that for a rock substrate. The smaller the pore size, the more likely pathogens may "stick" to the substrate materials. Other important factors include the depth of the well, distance of the well from the site of biosolid application, and the direction of groundwater flow.
Step 9 b. Soil/substrate material type is an important factor in microbial exposure risk when sewage is applied to the land. List at least three additional microbial exposure risk model variables described in the summary article.
Different settings; pathogen exposure pathways (ingestion, drinking contaminated groundwater, and inhalation); bacterial attenuation from different digestion processes (anaerobic with and without lime and natural attenuation) c. The article highlights only a few of many factors/variables actually considered in the model. Identify at least three additional variables that might affect the risk of a person being exposed to harmful pathogens from the application of sewage sludge to land areas.
The initial amount of pathogens in the sludge; the length of time the pathogens can live in the sludge; the amount of sludge in an application; the frequency of sludge application or repeated exposure; the wind (speed and length of time it blows), which can carry dust with pathogens; the distance of humans from the sludge; the age of those exposed; the current health of those exposed; and precipitation levels are some other factors. The students may identify additional variables, just make sure they make sense and relate to the question. Step 1 Read the article "Getting a Handle on Biosolids: New Model Estimates Microbial Exposure Risk."
Traveling Pathogens
Step 2 Per your teacher's instructions, divide into groups of 3-5 and gather the following materials:
• 3 sections of pipe (or soil columns)
• 3 pieces of weed barrier cloth
• 1 stand and clamp, or pre-cut squares of wire mesh/galvanized hardware cloth Step 3 Thoroughly describe each soil/substrate material (e.g., texture, grain size, what it feels like dry and/or wet, color). Step 4 Write a hypothesis (or multiple hypotheses) about which soil/substrate material you think will allow water to pass through a) the fastest and b) the slowest. Step 5 Assemble the soil columns, test the flow rate of the different materials, and record the data on the Group Data Sheet.
Rocks/Gravel
a. For each of the three sections of pipe, place the weed barrier cloth over one end and secure with a rubber band.
b. Label one pipe "rocks/gravel," one pipe "sand," and one pipe "soil." c. Measure 50 mL of rocks/gravel and pour into the pipe labeled "rocks/gravel."
d. Secure the pipe to a stand using a clamp. If no stands and clamps are available, place pre-cut wire mesh/ galvanized hardware cloth over one of the catch containers. You can wire the pipe to the wire mesh/galvanized hardware cloth to hold it in place or have a group member hold it in place straight up and down.
e. Choose one person in the group to work the stopwatch. Have another person in the group ready to record data on the Group Data Sheet.
f. Measure 200 mL of water. Get ready to pour the water into the pipe/column containing the rocks/gravel. The timer needs to start the stopwatch at the SAME TIME the water is poured and stop the stopwatch when the water has stopped dripping and you can no longer see water sitting above the rocks/gravel. g. Record how long it took the water to pass through the rocks/gravel on the Group Data Sheet.
h. Pour the water from the catch container into the empty beaker/measuring cup. Measure the amount of water in milliliters and write down the amount on your Group Data Sheet.
i. Repeat Steps f-h two more times so you have a total of three trials for rocks/gravel. j. Set the rock/gravel-filled pipe aside.
k. Measure 50 mL of sand and pour into the pipe labeled "sand." Conduct Steps d-i so you have three trials using the sand (measuring, pouring, timing, re-measuring the water, and recording the data).
l. Measure 50 mL of soil and pour into the pipe labeled "soil." Repeat Steps d-i for the soil. If the water flows through in less than 60 seconds, stop the watch when the water has completely flowed through (i.e., the water is not sitting on top of the soil). If the water is still sitting in the pipe soil column and is dripping slowly at 60 seconds, use "60 seconds" as your measure of time. After you have poured the water and allowed it to sit for 60 seconds, remove the catch container and measure the amount of water in milliliters. Record the amount on your Group Data Sheet.
m. Calculate the average water flow-through time and water volume for your trials.
Step 6 Record all three trial results on the Class Data Sheet and, using the class data, calculate the average length of time it took application. In which situation would a person be most at risk: someone with a nearby well beneath rocky substrate; someone with a nearby well beneath sandy soil; or someone with a nearby well beneath a finegrained soil? Explain your answer.
Step 9 The goal of an environmental model is to show how something like a chemical or disease behaves in the environment, and how it may come into contact with humans. Simple models consider a few factors or variables, and complex models try to consider many different factors or variables. Complex models try to mimic "real life" because usually there are many different elements or variables influencing exposure risk in the real world.
a. Re-read the article "Getting a Handle on Biosolids: New Model Estimates Microbial Exposure Risk."
b. Soil/substrate material type is an important factor in microbial exposure risk when sewage is applied to the land. List at least three additional microbial exposure risk model variables described in the summary article.
c. The article highlights only a few of the many factors/variables actually considered in the model. Identify at least three additional variables that might affect the risk of a person being exposed to harmful pathogens from the application of sewage sludge to land areas. 
Group Data Sheet

